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ABSTRACT

Conducting a combination of some laboratory tests was found to be
more promising than a single test to predict field emergence of maize seed. The
objective of this study was to find out the relationship between the values
obtained from some laboratory tests and that of field emergence of some maize
genotypes. Seed samples of 15 seed maize genotypes represented three different
groups which gre five inbred lines namely Sids 7, Sids 34, Sids 63, Gemmiza 2,
Gemmiza 4 and five single cross namely S.C.10, 8.C.11, 5.C.13,8.C.14, 5.C.15
as well as five three way crosses namely T.W.C310, T.W.C.311, T.W.C.325,
T.W.C.326 and T.W.C.327, were obtained from WNational Maize Research
Program, Agriculture Research Center (ARC) .Laboratory tests were carried out
at Seed Technology Research Dept. ARC, field emergence experiments were
conducted at 18, 22 and 23 May 2002, 2003 and 2004 , respectively at Qalubia
Governorate , to evaluate seed viability and seedling vigor and their relationships
to field emergence. The results revealed significant differences within each group
in seed and seedling traits under laboratory and field conditions during the three
successful seasons. Standard germination, cold test, tetrazolum test and speed of
germination weré best correlated with field emergence. Whereas accelerated
aging, seedling characters, seed weight and seed value insignificant correlated -
with ficld emergence .The coefficient of the multiple correlation between’
laboratory tests, standard germination, cold test, Tetrazolium test, germination
speed and that field emergence was also significant. This indicated the
importance of conducting some viability and vigor tests in addition to commonly
used standard germination to predict field emergence of maize seed.

INTRODUCTION

It is recognized that good seed is the basic and most important input of
all crop-based agriculture. It is the least expensive input while other inputs such
as fertilizer, pesticides , machinery, labor, ect are all more expensive and
sometimes manifold. Furthermore, the return on all of these expensive inputs is
directly influenced by the seed planted. It is therefore, good quality seeds can play
very important role in increasing productivity of different crops. This especially
true for maize crop which is considered one of the most important cereal crops in
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the world and Egypt, where it widely used in bread making by mixing wheat flour
(80%) with maize flour (20%) due to shortage in the amount of wheat produced.
The quality of seeds for planting characterized by their viability and vigor, due to
several seasons such as genetic make up , harvesting time, processing and storage
conditions. On the other hand the value of seed for planting purpose is
commercially depending upon the results of the germination test conducted under
very favorable conditions in the laboratory. Recently considerable attention has
been paid towards vigour tests which could reliably predict stand-potential of
seed lots. Tekrony (1982) reported that Vigour testing of seeds in the past twenty
years hag become a common practice, especially for maize , and the most
commonly used vigour tests for maize are the cold test, accelerated aging test and
conductivity test (A.O.S.A., 1983); ISTA 1996, Tekrony and Hunter, 1995).
However, it is to be noted that seed vigor is highly complex and no one vigour
test can be recommended for all crops and therefore a combination of vigour tests
may be preferred compared to single test methods (Elemery er al., 1993). Seed
viability and vigor directly affect the performance of seed planted to regenerate
the crop, although seed quality can influence many aspects of performance (e.g.
total emergence, rate of emergence). Reduction in yield can be indirectly related
to low seed vigor if plant populations are blew a critical level.(Steiner, 1990;
Tekrony and Egli, 1991). Most laboratory test measurcments (Standard
germination, scedling vigor classification, secdling length and Tetrazolium
staining) were significantly correlated with field emergence also these laboratory
test measurements were use to develop model predicting field emergence (Robert
and Martin1979). Among four seed vigor methods (seedling evolution, seedling
growth, and accelerated aging and Tetrazolium test) seedling growth was the
reliable method to determine the vigor of sorghum, since both mean plumle
length and the amount of normal seedling were significantly correlated with field
emergence { Wu and Cheng, 1990). The objective of this study was to find out the
relationship between the values obtained from some laboratory tests and that of
field emergence of some maize genotypes.

MATERIALS AND METHODS

Seed samples of 15 maize genotypes represented three different groups
namely five inbred lines (Sids 7, Sids 34, Sids 63, Gemmiza 2, Gemmiza 4) and
five single cross (5.C.10, 8.C.11, 5.C.13, 5.C.14 , §.C.15 as well as five three
way cross namely T.W.C.310, T.W.C.311, TW.C325, T.W.C.326 and
T.W.C.327 were obtained from National Maize Research Program, Agricultural
Research Center (ARC), Giza . The sample of each genotype was divided into
three portions to be used in three successive planting seasons (2002, 2003, 2004).
The portions were stored in a cold room (10 "C , 55-60% RH) in cotton bags until
the time of laboratory test and field planting are come up. During laboratory
testing period the seeds were stored under the environmental conditions of the
laboratory of Seed Technology Research Department, ARC, Giza. For laboratory
investigation each seed samples of the threc seasons were subjected to the
following tests:
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Standard germination test(S.G.) and seedling evaluation tests, They
were carried out according to the International Seed Testing Association (ISTA,
1987). The seeds were sown in sterilized sand in plastic containers with one
hundred seed per container (replicate) and four replicates per seed lot. The seeds
were germinated for ten days in an incubator at 25+1 co. At the end of the
incubation period the seedling were losses from sand using tap water then they
were cut free from their cotyledons, bulked (10 seedlings of each replicate) and
dried at 80 c- in a forced air oven for 24 hours to obtain seedling dry weight (an
average of the total weight of 10 seedlings).

Germination speed (G.S.): This test was carried out by following similar
procedure of the standard germination test with the exception of the temperature
at which the seed were germinated (18-20 C") and the period of the test (16 days).
Daily counts of emerged seedlings were recorded and vigour index was calculated
according to (Kotowski 1926).
CG=100(Al + A2 + -+ Ax)
AITL+ A2T2 +——--AxTw
Where C.G= Coefficient of germination
A= number of sceds germinating
T= time corresponding to A
oo= number of days to final account

Cold seil test (C.T): in this test, a screened non-sterile mixture of sand and field
soil in the ratio of 1:1 was used. The moisture content and the water-holding
capacity of the mixture were calculated to determine the actual amount of water
needed to adjust the mixture moisture to 60%water holding capacity. 100 seeds
replicated four times were placed on top of 5 cm wall leveled soil-sand mixture
and covered with an additional 5 cm compacted soil-sand mixture . Containers
were incubated at 10 + 1 C° for two weeks after which they were transfer to an
incubator at 25+ 1 C°. The number of normal emerged seedlings were counted
and expressed as cold germination percentage.

Electrical conductivity (E.C.): This test is based on the principle that seeds
which are losing vigour release materials such as sugars or other electrolytes out
the seed into the soil which may increase the activity of soil fungi which may
interfere with the development of seedling growth especially under clod and wet
soil conditions. This test was undertaken with four 50 seeds each for each sample.
The seeds were weighted and soaked in 100 mi of distilled water for 24 h at 25+1
C° . The conductivity of seed steep water was measured immediately after the
removal of samples from the incubator, using a conductivity meter and reported
as p mhos/gm seeds.

Tetrazolinm test (T.Z.): 4x100 seeds of each sample were soaked in water for 20
hours at room temperature, Then, the seeds were cut with a sharp blade in sucha
way that the whole embryo of each seed was existed without any mechanical
damage. Fragments of the cotyledon and test attached to the embryo were
removed. The embryos were immersed in 0.5% solution of 2, 3, § triphenyl
tetrazolium chloride in dark in the incubator. Later the embryos were rinsed with
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water and transferred in Petri dish containing water to avoid drying seed.
Completely -staining embryos of each replicate were calculated through
magnifving lens (5x) under fluorescent light.

Seed value (S5.V.) and seed weight tests (S.W.): The value of 100 seeds of each
sample was measured by displacement of water and the 1000 seeds weight was
also determined according to the procedures outlined by the International Seed
Testing Asseciation ( ISTA, 1999).

Field emergence experiments(F.E.); A randomize complete design with four
replication of 100 seeds was utilized for each of the three seasons at Qalubia
Governorate. The seeds were planting on may 18, 22, 23, respectively. Seedling
emergence in each season was made at time intervals until constant and the
highest figure was used . All data were subjected to the standard analysis of
variance procedures outlined by Stee! and Torrie { 1980). Simple correlation
coefficient were calculated to compare the association between values resulted
from the standard germination and vigour tests as well as seedling emergence
.The partial regression and multiple regression techniques outlined by Pindyck
and Rubinfeld (1981) were also utilized in order to obtain more accurate
estimation for the relationship between laboratory tests and field emergence of
some maize genotypes.

RESULTS AND DISCUSSION

Data in Table (1) show that significant differences seed and seedling
traits were observed amongst the tested maize inbred lines under varying testing
conditions of the laboratory during the three successive seasons (2002-2004). The
standard germination % ranged from 93 to 88.2, 88.2 to0 82.4 and 86.5 to 78.4 in
the three successive seasons, respectively. Gemmiza 4 mbred line was the highest
germination (93%), while sids63 inbred line was the lowest one {88.2) in the first
season, also Gemmiza2 inbred line was the highest germination (88.2, 86.5%) in
the second and the third seasons while Sids 34 (82.4) and sids63 (78.4) inbred
lines were the lowest one. The decline in seed germination during storage might
be due to the genetic makeup , cultural practices and processing. These factors
have a tremendous effect of seed storability as reported by Burris (1977).There
were significant declines in germination after the cold test and accelerated ageing
of maize inbred lines. The cold test ranged from 72.1 to 68.3, 70.8 to 65.7 and
69.1 to 61.5 in the three successive seasons, respectively. The inbred line Sids 7
more tolerant to cold test conditions (72.1, 70.8 and 69.1 , respectively) compared
with other inbred lines in the three successive seasons. The accelerated ageing
germination of maize inbred lines was ranged from 81.2 to 72.3, 79.4 to 69.9 and
74.8 to 66.5 in the three successive seasons, respectively. The tested maize inbred
lines were significantly differences in their germination afler the accelerated
ageing due to differences in their genctically make up to tolerant adverse
conditions of the cold test.

Data in Table (1) show the staining percentage of the embryos with
Tetrazolium solution was too closed to those of standard germination .This may
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relieve that the Tetrazolium test was reliable and quick approach for quality
evaluating of maize inbred lines, Elemery and Elrabie (1996) suggested that the
possibility of using the Tetrazolium test for quick evaluation of faba bean seed
viability, where the result can be obtained after 24 hours compared with 14 days
for germination test. The electrical conductivity of different maize inbred lines
ranged from 12.2 to 11.8, 13.8 to 12.5 and 14.9 to 13.3 ( mhos/g) in the three
successful seasons, respectively. The inbred lines Gemmiza 4, Sids 63 and
Gemmiza 2 were the lowest values in their electrical conductivity the three
successive seasons, respectively.

Seedling vigor characteristics as measured by seedling radical length,
plumle length and seedling dry weight (Table 1) was directly effected by maize
inbred lines. Sids 34 seed produced seedlings which had a greater root length {12
cm) and dry weight (15.2 g) , while gem 4 had a greater shoot length (20cm) in
the first season. Seedlings characters had similar trend in the other two seasons.

The speed of germination of Sids 7 was the faster amongst maize inbred
lines, while Gemmiza 4 inbred line was the lowest one in the three successive
seasons. The seed value ranged from 840.6 to 730.1, 831.9 t0 723.4 and 825.1 to
718.5 in the three seasons, respectively. The Gemmiza 4 inbred line was the
highest seed value, while Gemmiza2 inbred line was the lowest one (88.2) in the
three successive seasons. On the other hand, the highest mean value of 100-seed
weight was detected by Sids7 inbred line while the lowest one detected by
Gemmiza2, Gemmiza4 and Sids63 in the three successful seasons.

The field emergence percentage ranged from 72.1 to 69.5, 71.3 to 64.5
and 61.1 to 52.5 in the three successive seasons. Sids7 inbred line had the highest
field emergence, while Sids 34 inbred tine was the lowest one. The relative field
emergence (denotes to the percentage of viable seed produced plants in the field /
seed germination as determined in the laboratory ) was ranged between 79.0 to
75.8, 83.2t074.0, 74.4 10 63.9 in the three successive seasons.

Tables {2 and 3) show the data of various laboratory tests and field
emergence It is obvious that single crosses and three way crosses had higher
germination values under favorable( standard germination) and stress conditions
(cold test, accelerated aging test ) than those of inbred line. This might explain by
hybridization effect on seed viability and agreed with the statement reported by
(Mock and McNeil, 1979 ; Chen and Lin, 1982) where they found that hybrids
maize have faster and higher percentage of germination than inbred lines. But , no
clear explanation could be found for differences between single and three way
CTOSSES.

Tables (2 and 3} show also that the resuits of Tetrazolium , electrical
conductivity, seed value, seed weight tests have similar trend to those obtained in
Table (1). Secdling characters , field emergence and relative field emergence
were influenced by genetic make up where single and tri-crosses seeds were
capable of producing vigorous seedtings and better field emergence compared to
those produced from inbred lines seeds.
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Table (I): Seed vigour tests of various maize inbred lines during three

successful seasens (2002-2004)
- 2002
Traits Sids7 | Sidsd4 | Sids63 | Gem2 | Gemd | -SD005

SG. (%) 912 | %91 | 882 | 921 [ 930 | a7
CT. (%) 720 ) 704§ 683 | 06 | 7.1 | e
AA (%) 72 | 723 | siz { 29 | 771 | ezm
TZ(R) | 903 | 916 | 881 | 93.0 | 40 | e4de
EC. @ 21 |22 T e | iz | s T ez

S.R.L (cm) 93 20 | 82 9.9 103 0.304

SP.L (cm) 160 | 172 | i54 | 190 | 200 1.764

SDW.(mg) | 125 | 152 | 119 | 140 | 148 1265
GS.(%) 492 | 403 | 385 | 327 | 323 0.2%

S.V.{gL) 7803 | 776.5 | 7480 | 730.1 340.6 1.272

190-S.W. (8) 239 292 279 27.1 284 0.367

F.E (%) 21 | 695 | 689 | 702 | 705 021
RF. (%) 790 | 780 | 781 | 762 | 758 4713
2003
S.G. (%) 856 | 824 | 845 | 832 | %61 s
C.T. (%) 708 | 684 | 657 | #3 | 102 %618
AA (%) 723 | 715 | ™4 | @99 | 752 (Y]
TZ. (%) 39.1 | 879 | 8.0 | %2 | 900 Xedd
EC.(umbeig) | 129 | 138 | 125 | 129 | 129 0300
SR.L (cm) 9] 1i5 | 81 96 9.3 o195
SP.L (em) 158 | 170 | 153 | 176 | 184 1345
SDW.(mg) | 124 | 150 | 116 | 13.7 | 144 1312
G5.(%) 452 | 358 | 349 | 307 | 286 374
SV. @) 7765 | 7712 | 1362 | 7234 | 8319
100SW.(g) | 288 | 262 | 277 | 269 | 247
F.E (%) 713 | 667 | 645 | 653 | 655
RF. (%) 832 | 809 | 763 | 10 | 76.1
2004
S.G. (%) 821 | 788 | 784 | 865 | 793 ;i
C.T. (%) 9.1 | 666 | 63.7 | 615 | 643
AA. (%) 709 | 7.0 | 744 | 665 | 748
TZ- (%) 878 | 863 | 867 | 870 | 876

EC.(nmhesig) | 134 | 146 | 149 | 133 | 139

S.R.L. (cm) 9.0 7.6 79 9.1 39

S.P.L. (em) 15.7 16.8 15.0 17.2 18.0

S.D.W. (mg) 12.2 143 11.3 13.6 14.1

GS.(%) 433 | 339 | 333 | 316 | 259
S.V.(@L) 7693 | 766.7 | 7294 | 7185 | &25.1
108SW.(x) | 280 | 228 | 260 | 274 | 268
F.E (%) 611 | 525 | 584 | 553 | 529

GERESERSTREES SRak

RF. (%) 744 66.6 74.4 639 66.7
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Table (2): Seed vigour tests of various maize single cross during three

sucoemful seasons (2002-2004).
2002
Traits SCw | scii | scB [ scia | scis | -SDees
S.G. (%) 945 | 967 | 9.0 | 953 | 971 39
C.T. (%) 782 | %01 | %04 | 715 | 753 0239
AA (%) %3 | 762 | %63 | 112 | ®&1 o1
TZ_ (%) 910 | 923 | 950 | 942 | 971 1502

EC. (umbesig) | 121 | 103 | 95 | 132 | 101 0244

SRL. (cm) 12.3 14.6 104 101 125 0365

SPL(wm) | 208 | 24 | 215 | 209 | 217 w34

SDW.(mg) | 136 | 149 | 104 | 151 | 116 | e1%e

GE(%) 552 | 546 | 582 | 532 | 551 (%1

SV.(gl) 756.1 | 7412 | 7513 | Te04 | 7353 0195

10SW.() | 314 | 360 | 271 | 28% | 291 L1124

F.E (%) %1 | 7iz | 166 | 162 | 787 2%
RF. (%) $05 | 198 | 197 | ™99 | 810 1176
2083 .

SG. (%) 9.7 [ 913 | %2 [ %7 | 81 i
C.T. (%) 742 | 167 | I8 | M3 | 11 351
AA (%) T3 | 745 | 857 | 163 | 302 0212
TZ (%) 90.7 | 921 | 939 | 920 | 952 1.262

EC. (nwmbes/p) | 133 134 143 162 14.7 0.258

SRL. (cm) 126 14.4 103 109 123 276

S.P.L. (com) 20.6 2.1 213 20.6 2L4 .28

SDW.(mg) | 133 | 128 | 100 | 150 | 115 | &758

G.S(%) 50.9 519 43 538 529 256

SV. (gL) 7516 | 7328 | 7463 | 7534 | 726.6 0201

100-S.W. (g) 312 296 268 284 238 .55

FE (%) 761 | 762 | 7 | ™1 | 705 w16z

RF. (%) 839 | 835 | 864 | 773 | 23 192
2004

SG. (%) 52 | %50 [ 861 | %60 | 8.1 39

C.T. (%) 45 | 643 | 138 | 611 | 763 | axe

AA. (%) 7 | 11 | 834 | Bo | 81 1.231

TZ (%) 887 | 910 | 900 | 891 | 910 a8

EC.(uwmbew/g) | 159 | 138 | 155 | 163 | 148 | @29

SRL (ems) | 122 | 143 | 102 | 108 | 122 (%.7]

S.P.L. (ewm) 20.3 219 21.1 20.5 219 o207

SD.W. (mg) 13.1 14.5 10.0 14.7 112 1.724

G.S.(%) 48.4 503 49.3 523 41.7 0.284

SV. 1) 7462 | 7245 | 739.1 | 7443 | TH9 azn

10-5.W. (g) 308 295 26.7 223 286 27

F.E (%) 70.2 &3 67.1 65.1 68.1 1.967

R.F. (%) 824 7 79 5.7 319 0.298
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Table (3): Seed vigour tests of various maize three way cross during three

successiol sexsons (2002-2004).
2002
Trnits T3t | Tmiiil | Towedss | Twcite | Tweizr | D885
5.G. (%) 953 914 96.2 924 913 (N7 )
C.T. (%) 81.2 804 8.1 845 203 0.223
AA. (%) 754 743 721 756 716 0,304
TZ. (%) 93.1 90.2 2.2 914 893 0.223
BC. (i mbes/g) 12.1 122 1.9 12.1 112 i
S.R1L. (cw) 13.6 14.1 132 13.5 142 e.218
SP.L (cm) 211 nsy 219 21 236 2758
[ _SDW. (mg) 14.1 156 124 142 14.3 0334
GS.(%) 582 592 55.1 S35 602 0207
Sv.gn) | 7604 786.6 7611 | 8412 8316 824
190-SW. (g) 359 38 39.8 26.2 299 0229
FE (%) 792 762 [+X] 751 79.1 0.I54
RF. (%) 83.1 834 853 813 366 218
2003 '
SG. (%) 925 836 924 873 26.1 0.195
C.T.(%) 772 4 745 721 723 .29
AA. (%) 721 7.1 [ZX] 743 714 0218
TZ (%) 902 373 - X 5.1 855 0212
| £C_ (s mabesig) 126 128 122 123 1.5 0.234
SR (om) 13.5 13.6 13.1 13.1 3.3 0.248
SP.L (cm) 209 27 209 20 234 1298
S.DW. (mg) 132 15.1 122 14.0 142 1.255
G.5.0%) 515 56.3 562 585 585 8244
S8.V. @) 756.4 7753 756.1 833.1 8234 212
100-SW. () 357 316 392 26.1 292 6.29%
F.E (%) 76.5 758 80.1 77.1 753 0284
RF.(%) 2.7 £5.6 86.7 383 875 0365
2004
S.G. (%) 255 814 23 812 80.1 0.267
C.T.(%) 726 707 681 685 683 0267
A.A. (%) 71.1 703 68.4 69.7 702 (%%
TZ (%) 823 802 783 76.5 783 .22
EC. (i mbes/g) 13.1 133 126 126 119 0.248
S.RL. (cm) 133 135 128 12.8 13.1 0368
SP.L. (cm) 20.8 23 20.1 215 26 a9
S.D.W. (mg) 13.1 149 120 13.3 4.1 1251
GS(%) 502 516 516 553 56.1 W
5Y.E) 7394 763.3 7492 22715 L2208 I3
190-8W. (g) 349 312 371 259 272 e.17%
FE (%) 02 [2X3 723 721 0.1 o288
RF. (%) 2.1 855 378 [T 575 4%
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Simple correlation coefficient between laboratory tests and field
emergence of some maize genotypes are presented in Table (4). The standard
germination, cold test, tetrazolum test and speed of germination were positively
and significantly correlated with field emergence. The electrical conductivity,
accelerated ageing germination , Seedling vigor characteristics (seedling radical,
plumle length and seedling dry weight), seed value and 100-seed weight of
different maize genotypes were insignificant correlation with field emergence.
These results might indicate that selection for high values of standard
germination, cold test, tetrazolum test and speed of germination as well as
selection for low values of electrical conductivity are more effective for precise
prediction of field emergence. The multiple correlation coefficient for the
relationship between these strongest explanatory variables and field emergence
was also significant (R = 0.92, 0.89 , 0.96 for inbred lines , single and tri- crosses,
respectively, Table 5).however, taking into account the economic considerations ,
the costs of conducting five laboratory tests is more expensive than one or two
supplementary tests in addition to standard germination to adjustment seeding
rate and predict field emergence .the results in (Table 5} provide several
alternative combinations which can be apptied with lower costs according to the
available facilities. The application of these methods feads more accurate and
reliable of field emergence.

Table (4): Correlation coefficient of different Iaboratory measures of maize

_genaotypes with ficld emergence.
Traits Inbred line Single cross Three way cross
S.G. 0.783" 0.851 0.883"
CT 0.328" 0.605° 0.665"
AA. 0.346™ 0.483™ 0.383"
TZ 0.685" 0.627° 0.822"
EC -0.796" -0.749"™ -0.563°
SRL 0.503" 0.183™ 0.288™
SPL 0.108"™ 0.410™ 0.091™
SDW -0.035™ -0.064™ 0.159™
SG 0.522" 0.614° 0.585"
SV 0.108™ 0.363™ 0.023™

100-S.W. 0.196™ 0.157" 0.420™
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Table (5): The estimated results for the relationship between selecting
laboratory measures of maize genotypes and field emergence.

Source of correlation Inbred line Single cross Three way

cross
SG*CT 0.89 0.85 0.91
SG*TZ 6.78 0.86 0.90
SG*EC 0.81 0.86 0.92
SG*GS 0.86 0.86 0.89
CT*TZ 0.84 0.71 0.84
CT*EC 0.90 0.79 0.76
CT*GS 0.84 0.68 0.74
TZ*EC 0.82 0.78 0.86
TZ*GS 0.84 0.72 0.83
EC*GS 0.85 0.79 0.62
SG*CT*TZ 0.91 0.87 0.92
SG*CT*EC 0.90 0.86 0.96
SG*CT*GS 0.91 0.87 0.93
SG*TZ*EC 0.82 0.86 0.94
SG*TZ*GS 0.87 0.88 0.93
SG*EC*GS 0.87 0.87 0.92
CT*TZ*GS 0.91 0.80 0.76
CT*EC*GS 0.87 0.73 0.84
CT*TZ*EC 0.89 0.78 0.86
TZ*EC*GS 0.90 0.81 0.88
SG*CT*TZ*EC*GS 0.92 0.89 0.96
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